Responsive operations are an important requirement for all military systems. The urgent nature of these missions limits the usefulness of a vehicle that cannot complete its mission after suffering a single subsystem failure. This leads vehicle designers to question whether a particular system is capable of executing an abort at different points along the trajectory. Traditionally, designers have been forced to run numerous time consuming trajectory analyses to determine the abort limits of a system. To reduce the time and cost required to complete this analysis, SpaceWorks Engineering, Inc. has developed a tool to help launch vehicle designers and launch vehicle customers determine how well a particular vehicle concept provides intact aborts. Efforts to date have resulted in a prototype software tool named the Abort Simulation Modeler (ASM). The prototype tool provided a proof of concept for the overall abort simulation process through a series of three test cases that looked at the available abort modes that resulted from propulsion failures 
Responsive operations are an important requirement for all military systems. The urgent nature of these missions limits the usefulness of a vehicle that cannot complete its mission after suffering a single subsystem failure. This leads vehicle designers to question whether a particular system is capable of executing an abort at different points along the trajectory. Traditionally, designers have been forced to run numerous time consuming trajectory analyses to determine the abort limits of a system. To reduce the time and cost required to complete this analysis, SpaceWorks Engineering, Inc. has developed a tool to help launch vehicle designers and launch vehicle customers determine how well a particular vehicle concept provides intact aborts. Efforts to date have resulted in a prototype software tool named the Abort Simulation Modeler (ASM). The prototype tool provided a proof of concept for the overall abort simulation process through a series of three test cases that looked at the available abort modes that resulted from propulsion failures. The 
I. Introduction
HE value of a particular launch vehicle to a customer is determined by several key factors. Chief among these factors are the vehicle's capability (mass to orbit), affordability (price per flight), and reliability (Loss of Mission, Loss of Vehicle, and Loss of Crew). The first two factors can be examined during the conceptual design phase with traditional tools and processes while the full extent of the third factor is much harder to decipher. Reliability can currently be improved by improving the inherent safety and reliability of the component hardware on these systems and/or designing flight systems that can respond to non-catastrophic failures via anytime intact abort capability. While the former is continuously being addressed by the industry at all levels of design, the latter is usually not considered until the design has matured to the point where it is impractical to make changes that would improve abort options.
SpaceWorks Engineering, Inc. (SEI) recognizes the need for the development of a new analysis capability that will enable system designers to engineer launch vehicles capable of providing full-time intact abort modes. To address this need, SEI has focused this project on developing an analysis capability for rapidly assessing abort scenarios that is flexible enough for a wide variety of aerospace transportation concepts. SEI's approach was to initiate an exhaustive assessment of the possible failure modes, mitigation options, and flight scenarios possible along a vehicle's nominal flight path to identify sensitive areas during the mission when intact abort options are lowest or non-existent for a proposed or existing launch asset. The output from the analysis provides system designers with insight into how the vehicle performs under various abort scenarios and allows the system to be redesigned during the conceptual design phase to maximize the intact abort modes.
The early goal of this program was to develop a prototype abort analysis tool that demonstrates the feasibility of the overall analysis system and test the tool's performance on three different case study vehicles. Attempts to minimize the scope of the tool development during the proof of concept phase led to a focus on the abort capability of vehicles following the loss of a single engine. Propulsion failures were chosen as the focus of the current analysis because of the central role the propulsion system plays in the overall functionality of a vehicle design. In other words, vehicles with very different propulsion systems will feature very different operating procedures.
II. Background
There are four general abort modes that are regarded as 'intact', meaning the asset (any crew and/or payload) survives the failure and is able to return safely to the Earth's surface. These four modes are: 1) Abort to Orbit (ATO), 2) Abort Once Around (AOA), 3) Downrange Landing (DRL), and 4) Return to Launch Site (RTLS). These four scenarios generally cover all the basic options for a vehicle during a failure. The relative safety provided to the crew/payload/system by the different abort modes will largely depend on the specific characteristics of the system being considered. In all cases though, the ideal situation is to have all four options available at each moment over the course of the entire mission. Unfortunately, this level of abort coverage is extremely unlikely. In reality, windows of opportunity that provide access to the different abort modes will open and close at various times during the mission. These windows depend upon the specific vehicle characteristics (propulsion system type, flight profile, etc.) and as such are unique to a particular flight concept. Figure 1 illustrates a typical abort coverage map for a conventional Earth to Orbit (ETO) launch system. This chart shows the applicable abort scenarios versus mission time. The shaded abort windows in the figure indicate spans of time during the nominal mission over which one or more abort option exists. Gaps in the map indicate that no feasible intact abort options exist at that time and that a failure of a critical system at that point is likely to result in a Loss of Vehicle (LOV) event. For maximum safety of a launch vehicle, the ultimate goal is to develop a system that offers continuous abort options over the entire trajectory from lift-off to orbit. 
III. Abort Simulation Modeler
The ASM is the overall system that assesses the four currently defined intact abort modes (ATO, AOA, DRL, and RTLS) and generates an accompanying abort coverage map for the nominal flight path and first-failure flight paths. In its completed, commercially-available form, the ASM will be a completely self-contained software program that accepts vehicle attributes such as the nominal mission profile, propulsion system type/quantity with performance maps, aerodynamic performance maps, and physical system constraints (e.g., maximum dynamic pressure, maximum angle of attack, structural load limits, available propellant loads, etc.). These inputs will be processed to generate abort coverage maps and abort CoC and QoC scores for the system under review. The scores can be used to compare one vehicle system to another or to assess the impacts of design changes to a particular concept on overall abort coverage.
The ASM uses internal optimization routines to determine the earliest time in a nominal trajectory at which the vehicle is capable of losing an engine while maintaining the ability to successfully execute one of the four defined intact abort modes. To do this, the ASM creates separate sub-problems for each abort mode and assesses them independently from the other modes.
The ASM is comprised of multiple components that perform specific roles within the context of the overall tool. The program's graphical user interface (GUI) allows the user to interact with the program by entering the required inputs as well as reviewing the results and any error messages that may be generated. Before any trajectory analysis can take place, all data must be parsed by the Abort Logic System (ALS). The ALS takes the user inputs and uses internal logic to generate the required trajectory simulation inputs that enable the actual trajectory analysis. The ALS also takes the results from trajectory analysis, parses the data to calculate the abort coverage scores, and passes the results to the GUI.
In its current prototype form, the ASM uses several existing off-the-shelf software programs (both commercially available and government-provided) to perform the required analyses. Phoenix Integration's ModelCenter® computational framework software serves as both the GUI and ALS in the prototype configuration. The trajectory analysis is completed using the most recent version of the industry standard Program to Optimize Simulated Trajectories (POST) available from NASA Langley Research Center 1 . The general flow of the prototype ASM is shown as Figure 3 below. Screenshots of the actual prototype tool implementation within the ModelCenter® environment are shown in the two figures below. Figure 4 shows overall structure of the tool while Figure 5 shows a more detailed view of the Abort Once Around Module. 
IV. Methodology and Process Development

A. Abort Mode Scenario Assessment
While the ultimate goal of the ASM is to comprehensively model a vehicle's possible failures, the prototype tool was designed as a proof of concept. As such it is only able to model a smaller set of failure types and vehicle systems. The prototype system is capable of modeling the various failure modes associated with rockets, rocketbased combined cycle, and turbine-based combined cycle propulsion systems. Additional analysis capability will be added to the tool incrementally until all of the required functionality is availability within the software. The four intact abort modes are defined as follows:
Return to Launch Site (RTLS)
This abort mode results when a failure occurs and the vehicle must deviate from its planned trajectory and fly back to its original launch site. This abort mode will generally occur immediately or very early in a flight profile. Most launch systems will be fully loaded and heavy at this point, so that initiating this mode may require the ability to simulate various mitigation options such as propellant off-loading, premature release of external tanks (if applicable), and premature staging (if applicable). The time required to offload propellants and public safety considerations for the release of any stage/payload elements impact the ability to achieve an RTLS abort. The simulation also requires the vehicle to make complex bank/roll maneuvers, with limitations on acceleration loads, flight speed, and flight altitude.
Downrange Landing (DRL)
This mode typically results when the vehicle can reach a landing site different than the one from which it launched. While a return to the original launch site is preferable, the system design or failure circumstances may not permit the RTLS. Likewise, the vehicle may not be capable of generating enough energy to facilitate an abort-once-around.
Abort-Once-Around (AOA)
The AOA option typically occurs when system failures occur in the latter stages of the mission. This mode is initiated when the vehicle is still able to survive entry conditions, has no time-critical failures, but cannot obtain a stable, off-nominal orbital condition (reduced apogee and/or perigee). The simulation considers boost-climb maneuvers and potentially skipping trajectories to maximize range.
Abort-to-Orbit (ATO)
The ATO option typically occurs when system failures occur in the end stages of the mission. A premature engine system shutdown or reduced operating thrust will initiate this scenario. While the vehicle still achieves orbit, the off-nominal insertion conditions may still result in a loss-of-mission (LOM) scenario.
Even though the ASM is capable of assessing all four intact abort modes, the number of abort modes available during a specific simulation is dependent upon the type of mission under consideration. There are certain mission types for which one or more of the defined abort modes is not available. For example, a vehicle designed to fly a suborbital parabola would never have an abort-to-orbit option available.
B. Abort Capability Quantification
The individual vehicle scoring focuses on two different areas for each vehicle assessed: the amount of time that any abort mode is available (Quality of Coverage or QoC) and the amount time that no abort options are available (Completeness of Coverage or CoC). The values are represented mathematically as shown in Equations 1 (QoC) and 2 (CoC) below. In Equation 1, the "W" terms are the user-specified weightings for the individual stages and abort modes and the "t" terms are the total lengths of time the individual abort modes are available during a nominal flight. The terms with the overlap subscript account for the additional benefits of overlapping abort modes by multiplying the total amount of time that one or more abort modes overlap by a user-supplied weighting. This additional term increases a vehicle's QoC score proportionally with its capability of providing overlapping abort modes. In Equation 2, t gap,total is the cumulative amount of time in which gaps exist during the nominal flight and t ref is a reference time chosen to normalize the results across different vehicle systems. 
Equation 2
The standard way to display the results graphically is on an abortability plot in which the QoC is on vertical axis and the CoC is on the horizontal axis. For illustration purposes, assume three hypothetical vehicles were analyzed with the ASM and were scored as outlined in Table 1 . When the data in Table 1 are plotted as in Figure 6 , one sees that Vehicle B has both the highest QoC value and the highest CoC value and thereby is the best performing vehicle in terms of abort coverage. However, choosing the second best vehicle is not as clear. Compared to Vehicle C, Vehicle A's higher CoC score indicates that it has fewer gaps in its abort coverage. On the other hand, the fact that Vehicle C has a higher QoC score than Vehicle A indicates that Vehicle C has more overlapping periods of coverage. As a result, picking the second best vehicle out of these three is really dependent upon what is important to the end user. 
V. Case Studies
Three different space access vehicles were selected for analysis during the case study exercises. Space access vehicles were purposely chosen so that all four abort modes were available to truly test out the prototype tool. Additionally, three distinctly different vehicle approaches were chosen to assess how well the ASM can handle vehicles with varied trajectory parameters. The vehicles chosen for analysis have all been designed at the conceptual level and feature three different propulsion approaches. The vehicles chosen for analysis in the case studies are as follows: It is important to note that all of the results that are presented in this section are specific to the values in Table 2 and the assumptions that went into their selection. Different users may prefer a different set of weightings to better a highlight a particular vehicle's strengths.
A. All-Rocket SSTO -ACRE-92 RLV
Vehicle Background
The specific system being examined is the Advanced Concept Rocket Engine 92 (ACRE-92) Earth-To-Orbit (ETO) Reusable Launch Vehicle (RLV). This vehicle is defined by the advanced liquid rocket main propulsion system that has a nominal 92:1 engine sea level Thrust-to-Weight (T SL /W e ) ratio. The original propulsion system was designed by Boeing's Rocketdyne unit (Pratt and Whitney has since acquired Rocketdyne from Boeing) in the 1990s and subsequently examined on the NASA Langley Research Center (LaRC) derived WB-001 winged-body configuration for the Highly Reusable Space Transportation (HRST) study. As part of the HRST study, the Space Systems Design Lab (SSDL) at the Georgia Institute of Technology subsequently converged the design of this particular vehicle airframe and propulsion system combination for the ACRE-92 concept.
The vehicle itself is an SSTO wing-body configuration capable of taking off vertically and landing horizontally (see Figure 7) . The reference mission includes cargo or passenger delivery (separate pods for each mission in the vehicle's 15 feet x 25 feet payload bay) to a 100 nautical mile circular orbit at 28.5 degrees inclination with maximum dynamic pressure during ascent of 800 pounds per square foot. The nominal payload capability is 20 klbs to this Low Earth Orbit (LEO). This ACRE-92 concept makes use of several advanced technologies throughout the vehicle with an estimated technology freeze date of 2020. The most notable is an advanced full-flow staged combustion dual pre-burner engine with nominal sea-level thrust of 552,000 lbf, a mixture ratio of 6.90, and chamber pressure of 4,000 pounds per square inch. Propellants used on the vehicle include LO 2 / LH 2 for the Main Propulsion System (MPS), LO 2 /LH 2 for the Orbital Maneuvering System (OMS), and a Gasified H 2 (GH 2 ) / Gasified Oxygen (GO 2 ) Reaction Control System (RCS). The thermal protection system includes Advanced Carbon-Carbon (ACC) on the nose and wing leading edges, TUFI tiles on windward surfaces, and AFRSI blankets on leeward surfaces. Airframe lifetime is anticipated to be 1,000 flights with a 500 flight lifetime on each individual propulsion unit. Additional vehicle details are presented in Table 3 
Case Study Results
Qualitative Results
Working with the ASM on the ACRE-92 simulation was fairly straightforward when assessing the ATO and AOA abort modes. Each iteration through these modules required less than five seconds of runtime with each mode requiring three to five iterations to solve. Unfortunately, the same is not true for the DRL simulation. Each trajectory simulation required five to ten minutes of computation time and the overall DRL simulation required several trajectory simulations that resulted in a overall mode runtimes approaching one hour. While the significant runtime is not a fatal flaw in the ASM, it is desirable to generate results more quickly to increase the usefulness of the tool.
The RTLS mode presented different obstacles than those encountered during the assessment of the other modes. While each individual trajectory simulation required only a few seconds to run, the results were often not usable. Modeling the bank and pitch maneuvers proved somewhat tricky for POST to handle and required significant user intervention prior to arriving at an acceptable solution.
Quantitative Results
The data required to configure the ASM for analysis of the ACRE-92 RLV are listed in Tables 4 and Table 5 below.  Tables 4 lists the vehicle-specific information like engine thrust level and gross weight whereas Table 5 Once the required input parameters were loaded into the prototype ASM for the all-rocket system (Configuration 1) and the analysis was completed, the result was a CoC value of 0.805 and a QoC value of 0.604. Figures 8 shows how the various abort modes map out over the course of an ascent trajectory.
This particular vehicle performs very well over the late portions of the trajectory. This is due to the fact that as a single stage vehicle, the engines must be able to provide a very wide range of thrust levels. As a result, a nominal mission requires a very deep throttle in the later stages of the flight to mitigate increasing g-forces. This means that the vehicle can lose one engine fairly early in the flight and still generate enough thrust to make orbit by throttling up the remaining engines. 
B. RBCC TSTO -Sentinel MSP 1. Vehicle Background
The Sentinel vehicle is the booster stage of a two-stage-to-orbit (TSTO) military space plane (MSP) concept that incorporates rocket-based combined-cycle (RBCC) propulsion. Sentinel was designed to take off vertically and land horizontally while supporting a primary mission of payload delivery to LEO (see Figure 9 ). The system is nominally intended to operate in a fully autonomous manner and it does not include any onboard crew accommodations. Sentinel features a two-dimensional wedge geometry with side-mounted dual-mode scramjet (DMSJ) engines. Figure 10 is a 3-view of the concept and illustrates the relative arrangement of the forebody compression section, the four RBCC engines, and the aftbody expansion section along the length of the fuselage. The Sentinel vehicle measures 143 ft long in its baseline configuration, and has a corresponding wingspan of 76 ft. The unfueled dry weight of the booster is 158,060 lbs. When fully loaded with propellants and mated to its upper stage and payload the Sentinel has a gross liftoff weight (GLOW) of 756,010 lbs. A number of advanced technologies are featured on the Sentinel booster vehicle. These include a variety of thermal protection system (TPS) technologies such as ultra high temperature ceramic (UHTC) leading edges, conformable reusable insulation (CRI) blankets, and advanced flexible reusable surface insulation (AFRSI) blankets. The primary material for both the airframe and the main propellant tankage is assumed to be a graphite epoxy composite. Sentinel is also assumed to be equipped with integrated vehicle health monitoring (IVHM), electrohydraulic actuators (EHA), and advanced avionics to enable autonomous operation.
In its nominal mission, Sentinel will deliver a space maneuvering vehicle (SMV) weighing 13,090 lbs to an elliptic 70x197 nmi orbit at an inclination of 28.5°. The SMV is deployed by an expendable rocket-powered upper stage. This stage consists of 3 propellant tanks, an attitude control system (ACS), flight controller, thermal protection system (TPS) blankets, and a single liquid rocket engine. The SMV is attached at its base to the forward section of a truss structure. The upper stage engine accelerates the SMV from Mach 8 to orbital velocities using JP-7 and H 2 O 2 propellants. The total length of the upper stage and SMV when integrated is 51.3 ft.
Sentinel lifts off vertically from the pad under independent ramjet stream (IRS) mode RBCC propulsion. The nominal trajectory continues with a transition to the DMSJ propulsion mode at Mach 4 and subsequent acceleration to Mach 8 in this mode. At Mach 8 the propulsion mode changes from DMSJ to scram-rocket mode and the system begins a pull-up maneuver. The upper stage and SMV payload separate from the Sentinel booster at approximately Mach 10 and the upper stage continues under rocket power to orbit. Meanwhile, the Sentinel booster performs an unpowered turnaround maneuver while decelerating and returning to a lower altitude. When the booster reaches Mach 5 the DMSJ engines are reactivated for a powered, supersonic flight back to the launch site.
Case Study Results
Qualitative Results
Working with the Sentinel vehicle provided additional insights into how the well the prototype ASM works. As with the ACRE-92 vehicle, the ATO and AOA analyses were quick and largely uneventful. The optimizer required three to five iterations to find the best solution and each iteration required about one minute of runtime. The DRL analysis required a little bit of user intervention to verify that the DRL mode was in fact not available to the vehicle concept rather than there being an issue with the simulation itself. This is a problem because POST is not designed to determine whether or not a desired trajectory is feasible. If the user specifies a trajectory that is not feasible (i.e., the vehicle does not have sufficient range to reach a downrange landing site), POST will get as close as possible to the desired solution and then exit. It is then up to the user to determine why the program exited. This behavior does not lend itself well to an automated system as the ASM is intended to be.
The RTLS mode analysis presented the same challenges as the ACRE-92 vehicle (Section V.A.1) with one major addition. Whereas the ACRE-92 vehicle is only able to glide back to the launch site, the Sentinel vehicle has the option to use its engines to fly back. This introduces more variables into the problem that complicate the setup in POST. The user must play a large role in making decisions like when any secondary propulsion systems should be started and whether any excess propellant should be dumped. This is due to limitations inherent in POST's eventdriven input system and needs to be addressed in order to develop a truly automated software tool.
Quantitative Results
Even though Sentinel is a two stage system, only the booster flight segment was assessed for this case study. This decision was made based on the fact that the upper stage is expendable and was therefore not designed to provide any intact abort modes. Implications for SMV recovery subsequent to a an upper stage failure were not considered. Tables 6 and Table 7 list the relevant data needed by the ASM to analyze the Sentinel vehicle. The vehiclespecific data are presented first followed by the more general mission and abort mode-specific data. After completing the abort analysis, the ASM calculated a CoC of 0.735 and a QoC of 0.227. Figure 11 shows how the various abort modes map out over the course of an ascent trajectory. The relatively short range of the RBCC-powered Sentinel booster has a significant impact on the results of the simulation. In the case of the Abort Once Around and Abort to Orbit modes, the available flyback range is the limiting factor on how early in a nominal flight the vehicle can lose an RBCC engine and successfully execute one of the abort modes. This is due to the fact that as the time of engine loss is moved earlier in the trajectory, the remaining engines must operate longer in order to generate the required ∆V. This results in the booster moving farther downrange before reaching an acceptable staging velocity. Eventually, the vehicle travels too far downrange and exceeds the distance from which the vehicle can successfully return and leaves only short periods of time over which the ATO and AOA modes are available. Similarly, the limited range of the boost vehicle eliminates any DRL options for the booster vehicle when launched from Cape Canaveral as in this scenario. On the other hand, the Sentinel design does lend itself to a rather significant RTLS capability.
C. TBCC TSTO -Quicksat MSP 1. Vehicle Background
The Quicksat Space Operations Vehicle (SOV) is the first element of a two-stage military space plane (MSP) concept that uses combined-cycle air-breathing propulsion (see Figures 12 and 13) . The nominal system takes off and lands horizontally and uses non-cryogenic propellants for improved operability in support of on-demand and responsive launch scenarios. The booster is capable of supporting three different missions: a) space maneuvering vehicle (SMV) delivery to orbit, b) a hypersonic strike mission, and c) cargo delivery to LEO and polar orbits by configuring the upper stage with mission-specific hardware. The vehicle is 123.6 ft from the nose-to-tail section and measures 26 ft to the top of the tail with a 65 foot wingspan. The weight of the booster, without propulsive fluids, is 167,840 lbs. Without an upper stage module, the weight of the fully loaded booster with the JP-7 fuel and H 2 O 2 oxidizer propellants is 651,455 lbs, yielding a total gross takeoff weight (GTOW) of 741,670 lbs nominal configuration. In this configuration, the Quicksat can deliver a 13,090 pound Space Maneuvering Vehicle (SMV) to a 70 nmi x 197 nmi orbit inclined at 28.5º. More detail on the Quicksat is available in Refs. 3-4. The SMV is deployed by an expendable rocket-powered upper stage. This stage consists of three propellant tanks, an attitude control system (ACS), flight controller, thermal protection system (TPS) blankets, and a single liquid rocket engine. The SMV is attached at its base to the forward section of a truss structure. The upper stage engine accelerates the SMV from Mach 8 to orbital velocities using JP-7 and H 2 O 2 propellants.
The expendable upper stage hardware elements are designed with limited reliance on new technology developments to keep the recurring system costs to a minimum. The engine is a derivative of the reusable engines on the Quicksat booster and the propellant tanks are all constructed from aluminum. The ACS is a simple blow-down, pressure-fed, monopropellant arrangement using H 2 O 2 . The upper half of the body is covered in thermal blankets to protect the hardware during the ascent, prior to booster release. Since the system is unmanned, minimal system redundancy has been used. The integrated upper stage system has a combined weight of 90,215 lbs and the total stage length is 52.2 ft including the SMV.
The Quicksat booster is configured as a lifting-body design, derived from the National Aerospace Plane (NASP) program vehicle configurations and similar to the NASA Hyper-X integrated-scramjet flight test program. Upper stages are mounted on the leeward, aft portion of the vehicle in a partially recessed cavity. The air-breathing propulsion systems are arranged in an over-under configuration with turbine-engines embedded in the vehicle airframe and an underslung dual-mode scramjet (DMSJ) system. These engines share a common external compression system (i.e. the vehicle forebody) and aftbody expansion zones. In addition to providing engine airflow matching and optimal flow expansion, the variable geometry inlet and exit ramps can shield the turbine systems from the freestream flow when not being operated. All propulsion system elements use JP-7 hydrocarbon fuel. The rocket systems also use a hydrogen-peroxide (H 2 O 2 at a 95% purity level) oxidizer.
Case Study Results
Qualitative Results
The ASM's qualitative performance on the Quicksat vehicle mirrored its performance on Sentinel. The only real difference was that since Quicksat takes off horizontally, it is able to abort a mission earlier via an RTLS abort. Addressing this additional capability required an additional ASM simulation.
Quantitative Results
As with the Sentinel vehicle, only the booster flight segment of Quicksat was assessed for this case study. This decision was made based on the fact that the upper stage is expendable and was therefore not designed to provide any intact abort modes. Tables 8 andT able 9 list the relevant data needed by the ASM to analyze the Quicksat vehicle. The vehicle-specific data are presented first followed by the more general mission and abort mode-specific data. After completing the abort analysis, the ASM calculated a CoC of 0.800 and a QoC of 0.261. Figure 14 shows how the various abort modes map out over the course of an ascent trajectory. While the TBCC-powered Quicksat vehicle has a longer cruising range than the Sentinel vehicle discussed in the previous section, it still suffers from the same limitation. The range is still insufficient for a DRL and the flyback range is the limiting factor on how early an ATO or AOA can be initiated. However, as with Sentinel, Quicksat does perform well in the RTLS mode. An additional improvement offered by Quicksat is due to the fact that it is a horizontal takeoff system while the others are vertical takeoff systems. This feature allows Quicksat to perform an extremely early RTLS by simply stopping its takeoff roll prior to leaving the ground.
D. Case Study Comparison
A closer look at the case study results calculated by the ASM reveals some general insight into the abort capability of different vehicle concepts. Table 10 lists the relevant CoC and QoC data for the three test cases and Figure 15 is a plot of these data. As shown in Figure 15 , ACRE-92 performs better than both Sentinel and Quicksat on both axes. The relatively tight clustering along the CoC indicates that all three vehicles are fairly equal in terms of the level of gaps in their abort coverage maps. In fact, ACRE-92 and Quicksat both earned nearly identical scores with Sentinel only trailing 0.07 points behind ACRE-92 and 0.065 points behind Quicksat. However, there is a larger spread between the highest and lowest scoring vehicles on the QoC scale. ACRE-92 scores well above both the Sentinel and Quicksat vehicles in this area with Quicksat scoring somewhat higher than Sentinel.
To explain these results, it is helpful to recall the abort coverage maps presented earlier (Figures 8,F igure 11, and Figure 14 ). The three figures show that there are only small differences in the total amount of time during which gaps exist in each trajectory. This explains the very tight grouping of scores on the CoC axis of Figure 15 . The larger difference in QoC scores shows the benefit derived from having multiple abort options over long periods of time during the mission. As shown in Figures 8, ACRE-92 has a considerable portion of its trajectory during which both the ATO and AOA abort modes are available. In contrast, neither Quicksat nor Sentinel have significant overlaps in abort mode coverages for the missions simulated in the case studies.
VI. Summary and Conclusions
Successful analysis of all three planned test case vehicles proves that it is possible to quantify the abort coverage capability of a particular design and compare it quantitatively with other designs. Furthermore, the ASM is capable of identifying the relative strengths and weaknesses of different vehicle concepts as evidenced by the distinct abort coverage maps generated for each of the case studies.
Perhaps the only negative finding resulting from the development of the prototype system relates to the trajectory simulation component of the ASM. It was initially hoped that an existing code like POST would suffice for use in the ASM application. Unfortunately, the results of the case study exercises reveal that POST needs to be replaced with a code that more efficiently solves the abort simulation problem and provides a more stable platform on which to build the trajectory simulation. While it is an excellent trajectory simulation tool, POST often requires substantial user intervention before it is able to solve some of the problems required of it in this application. Furthermore, it often requires substantial run time to solve a particular trajectory problem. Depending on the user, substantial run time could be a cause for concern.
